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(54) ULTRASONIC PROBE AND FLEXIBLE PRINTED CIRCUIT BOARD

(57) Disclosed is an ultrasonic probe including a
transducer array connected to a rotation shaft, a motor
provided to rotate the transducer array around the rota-
tion shaft, a printed circuit board provided to output a
driving signal for driving the transducer array, and a
flexible printed circuit board electrically connected to
the printed circuit board to transmit the driving signal to
the transducer array, wherein the flexible printed circuit
board includes anarray terminal electrically connected to
the transducer array, a first terminal electrically con-
nected to one portion of the printed circuit board, a first
connection part connecting the array terminal and the
first terminal, a second terminal electrically connected to
theotherportionof theprinted circuit board, andasecond
connection part connecting the array terminal and the
second terminal, and wherein the first connection part
and the secondconnection part areoverlappedwith each
other and wound around the rotation shaft.
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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. §119 to Korean Patent Application No.
10‑2023‑0136056, filed on October 12, 2023, in the
Korean Intellectual Property Office, the disclosure of
which is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to an ultrasonic probe
having an improved structure and a flexible printed circuit
board included in the ultrasonic probe.

2. Description of the Related Art

[0003] Recently, in a medical field, various medical
imaging devices have been widely used to image and
obtain information about biological tissues of a human
body for the purpose of early diagnosis of various dis-
easesor surgery.Representative examplesof suchmed-
ical imaging devices may include ultrasonic imaging
devices, CT devices, and MRI devices.
[0004] An ultrasonic imaging device is a device that
radiatesanultrasonic signal generated froma transducer
of a probe to an object, and non-invasively obtains at
least one image of a region inside the object (e.g., soft
tissue or blood flow) by receiving information from the
signal reflected from the object. In particular, the ultra-
sonic imaging device is used for medical purposes such
as observing the interior of an object, detecting foreign
substances, and measuring injury. Such an ultrasonic
imaging device is widely used along with other imaging
devices because the ultrasonic imaging device has high-
er stability than an imaging device using an X-ray, may
display images in real time, and does not cause radiation
exposure.
[0005] An ultrasonic probe may include a volume
probe that obtains a 3D image by rotating a transducer
array at a certain angle. A signal connector made of
flexible material is used to withstand a load caused when
the transducer array rotates, but as the number of chan-
nels of the ultrasonic probe increases, an area of the
signal connector increases, thereby increasing the need
for space utilization.

SUMMARY

[0006] It is an aspect of the disclosure to provide an
ultrasonic probe and a flexible printed circuit board
(FPCB) capable of reducing a spaceoccupied bya signal
connector by folding and overlapping the flexible printed
circuit board as the signal connector.

[0007] It is an aspect of the disclosure to provide an
ultrasonic probe and a flexible printed circuit board cap-
able of better withstanding a load caused by rotation of a
transducerarraybyoverlapping theflexibleprintedcircuit
board and winding the overlapped flexible printed circuit
board around a rotation shaft.
[0008] Additional aspects of the disclosure will be set
forth in part in the description which follows and, in part,
will be obvious from the description, ormaybe learned by
practice of the disclosure.
[0009] In accordance with an aspect of the disclosure,
an ultrasonic probe includes a transducer array con-
nected to a rotation shaft, a motor provided to rotate
the transducer array around the rotation shaft, a printed
circuit board provided to output a driving signal for driving
the transducer array, and a flexible printed circuit board
electrically connected to theprinted circuit board to trans-
mit the driving signal to the transducer array, wherein the
flexible printed circuit board includes an array terminal
electrically connected to the transducer array, a first
terminal electrically connected to one portion of the
printed circuit board, a first connection part connecting
thearray terminal and thefirst terminal, a second terminal
electrically connected to the other portion of the printed
circuit board, and a second connection part connecting
the array terminal and the second terminal, and wherein
the first connection part and the second connection part
are overlapped with each other and wound around the
rotation shaft.
[0010] The first connection part may be folded twice or
more and overlapped with the second connection part.
[0011] The first connection part may be formed to be
longer than the second connection part.
[0012] The first connection part and the second con-
nection part may be completely overlapped with each
other.
[0013] Aportionwhere the first connection part and the
second connection part are overlapped with each other
may be wound around the rotation shaft.
[0014] A radius at which the flexible printed circuit
board is wound around the rotation shaft may be smaller
than a rotation radius of the transducer array.
[0015] A length of the transducer array in a lateral
direction may be longer than a width of the overlapped
first connection part and second connection part.
[0016] In accordance with another aspect of the dis-
closure, a flexible printed circuit board, which is config-
ured to transmit a driving signal from a printed circuit
board to a transducer array connected to a rotation shaft,
includes an array terminal electrically connected to the
transducer array, a first terminal electrically connected to
one portion of the printed circuit board, a first connection
part connecting the array terminal and the first terminal, a
second terminal electrically connected to the other por-
tion of the printed circuit board, and a second connection
part connecting the array terminal and the second term-
inal, wherein the first connection part and the second
connection part are overlapped with each other and
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wound around the rotation shaft.
[0017] The first connection part may be folded twice or
more and overlapped with the second connection part.
[0018] The first connection part may be formed to be
longer than the second connection part.
[0019] The first connection part and the second con-
nection part may be completely overlapped with each
other.
[0020] Aportionwhere the first connection part and the
second connection part are overlapped with each other
may be wound around the rotation shaft.
[0021] A radius at which the flexible printed circuit
board is wound around the rotation shaft may be smaller
than a rotation radius of the transducer array.
[0022] A length of the transducer array in a lateral
direction may be longer than a width of the overlapped
first connection part and second connection part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and/or other aspects of the disclosure
will become apparent andmore readily appreciated from
the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:

FIGS. 1A and 1B are block diagrams illustrating a
configuration of an ultrasonic imaging system ac-
cording to an embodiment;

FIGS. 2A, 2B, 2C, and 2D are views illustrating the
ultrasonic imaging system according to an embodi-
ment;

FIG. 3 is a view illustrating rotation of a transducer
array of an ultrasonic probe;

FIGS. 4A and 4B are views illustrating various types
of a conventional signal connector;

FIGS. 5A and 5B are views illustrating winding of a
flexible printed circuit board according to an embodi-
ment;

FIGS. 6A to 6C are views for explaining a new
structure of the flexible printed circuit board accord-
ing to an embodiment;

FIG. 7 is a view illustrating the ultrasonic probe into
which the flexible printed circuit board is inserted;

FIG. 8 is a side cross-sectional view of the ultrasonic
probe according to an embodiment;

FIG. 9 is a front cross-sectional view of the ultrasonic
probe according to an embodiment; and

FIGS. 10A and 10B are views for explaining a struc-
ture of a flexible printed circuit board according to

another embodiment.

DETAILED DESCRIPTION

[0024] This disclosure will explain the principles and
disclose embodiments of the disclosure to clarify the
scope of the claims of the disclosure and enable those
skilled in the art to which the embodiments of the dis-
closure belong to practice the embodiments. The embo-
diments of the disclosuremay be implemented in various
forms.
[0025] Like reference numbers refer to like elements
throughout this specification. This specification does not
describe all components of the embodiments, and gen-
eral contents in the technical field to which the disclosure
belongs or overlapping contents between the embodi-
ments will not be described. The "module" or "unit" used
in the specification may be implemented as one or a
combination of two or more of software, hardware, or
firmware, and according to embodiments, a plurality of
"module" or "unit" may be implemented as a single ele-
ment, or a single "module" or "unit"may includeaplurality
of elements.
[0026] The singular formof a noun corresponding to an
item may include a single item or a plurality of items,
unless the relevant context clearly indicates otherwise.
[0027] In this disclosure, each of phrases such as "A or
B," "at least one of A and B," "at least one of A or B," "A, B
orC," "at least oneofA,BandC," and "at least oneofA,B,
or C" may include any one of the items listed together in
the corresponding one of the phrases, or all possible
combinations thereof.
[0028] The term "and/or" includesanycombination of a
plurality of related components or any one of a plurality of
related components.
[0029] The terms such as "first," "second," "primary,"
and "secondary" may simply be used to distinguish a
givencomponent fromother correspondingcomponents,
and do not limit the corresponding components in any
other respect (e.g., importance or order).
[0030] The terms "front surface," "rear surface," "upper
surface," "lower surface," "side surface," "left side," "right
side," "upper portion," "lower portion," and the like used in
thedisclosure are definedwith reference to the drawings,
and the shape and position of each component are not
limited by these terms.
[0031] The terms "comprises," "has," and the like are
intended to indicate that there are features, numbers,
steps, operations, components, parts, or combinations
thereof described in the disclosure, and do not exclude
the presence or addition of one or more other features,
numbers, steps, operations, components, parts, or com-
binations thereof.
[0032] When any component is referred to as being
"connected," "coupled," "supported," or "in contact" with
another component, this includes a case in which the
components are indirectly connected, coupled, sup-
ported, or in contact with each other through a third
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component as well as directly connected, coupled, sup-
ported, or in contact with each other.
[0033] When any component is referred to as being
located "on" or "over" another component, this includes
not only a case in which any component is in contact with
another component but also a case in which another
component is present between the two components.
[0034] Hereinafter, an ultrasonic device according to
various embodiments will be described in detail with
reference to the accompanying drawings. When de-
scribed with reference to the attached drawings, similar
reference numbers may be assigned to identical or cor-
responding components and redundant description
thereof may be omitted.
[0035] In the disclosure, imagesmay include amedical
image obtained by a medical imaging device, such as a
magnetic resonance imaging (MRI) device, a computed
tomography (CT) device, an ultrasonic imaging device,
and an x-ray imaging device.
[0036] In the disclosure, an ’object’, which is subject to
photography,may includeaperson, animal, or part there-
of. For example, the objectmay include a part of a human
body (organ, etc.) or a phantom.
[0037] Throughout the disclosure, an ‘ultrasonic im-
age’ refers to an image of an object that has been
processed based on an ultrasonic signal transmitted to
and reflected from the object.
[0038] Hereinafter, embodiments will be described in
detail with reference to the drawings.
[0039] FIGS. 1A and 1B are block diagrams illustrating
a configuration of an ultrasonic imaging system accord-
ing to an embodiment.
[0040] Referring to FIGS. 1A and 1B, an ultrasonic
imaging system 100 may include a probe 20 and an
ultrasonic imaging device 40.
[0041] The ultrasonic imaging device 40 may be im-
plemented not only in a cart type but also in a portable
form. The portable ultrasonic imaging device may in-
clude, for example, a smart phone, laptop computer,
PDA, tablet PC, etc., which include a probe and an
application, but is not limited thereto.
[0042] The probe 20 may include a wired probe con-
nected to the ultrasonic imaging device 40 by wire to
communicate with the ultrasonic imaging device 40 by
wire, a wireless probe wirelessly connected to the ultra-
sonic imaging device 40 to communicate wirelessly with
the ultrasonic imaging device 40, and/or a hybrid probe
by wire or wirelessly connected to the ultrasonic imaging
device 40 to communicate by wire or wirelessly with the
ultrasonic imaging device 40.
[0043] According to various embodiments, as illu-
strated in FIG. 1A, the ultrasonic imaging device 40
may include an ultrasonic transmission/reception mod-
ule 110, or as illustrated in 1B, the probe 20 may include
the ultrasonic transmission/reception module 110. Ac-
cording to various embodiments, both the ultrasonic
imaging device 40 and the probe 20 may also include
the ultrasonic transmission/reception module 110.

[0044] According to various embodiments, the probe
20may further include an image processor 130, a display
140, and/or an input interface 170.
[0045] Accordingly, the description of the ultrasonic
transmission/receptionmodule110, the imageprocessor
130, the display 140, and/or the input interface 170 in-
cluded in the ultrasonic imaging device 40 may also be
applied to the ultrasonic transmission/reception module
110, the imageprocessor 130, thedisplay 140, and/or the
input interface 170 included in the probe 20.
[0046] FIG. 1A illustrates a control block diagramof the
ultrasonic imaging system 100 in a case in which the
probe 20 is a wired probe or a hybrid probe.
[0047] The probe 20 may include a plurality of trans-
ducers. The plurality of transducers may transmit an
ultrasonic signal to an object 10 in response to a trans-
mission signal applied from a transmission module 113.
Theplurality of transducersmay forma receivedsignal by
receiving the ultrasonic signal (echo signal) reflected
from the object 10. The probe 20may also be implemen-
ted integrally with the ultrasonic imaging device 40, or
maybe implementedasa separate type connected to the
ultrasonic imaging device 40 by wire. The ultrasonic
imaging device 40 may be connected to the one or more
probes 20 depending on the implementation type.
[0048] In the case in which the probe 20 is a wired
probeor a hybrid probe, the probe20may include a cable
and a connector capable of being connected to a con-
nector of the ultrasonic imaging device 40.
[0049] The probe 20 according to an embodiment may
be implemented as a two-dimensional probe. In a case in
which the probe 20 is implemented as a two-dimensional
probe, the plurality of transducers included in the probe
20 may be arranged in two dimensions to form a two-
dimensional transducer array.
[0050] For example, the two-dimensional transducer
array may have a form in which a plurality of sub-arrays
including the plurality of transducers arranged in a first
direction is arranged in a second direction different from
the first direction.
[0051] In addition, the case in which the probe 20 is
implemented as a two-dimensional probe, the ultrasonic
transmission/reception module 110 may include an ana-
log beamformer and a digital beamformer. Alternatively,
the two-dimensional probemay include oneor both of the
analog beamformer and the digital beamformer depend-
ing on the implementation type.
[0052] Aprocessor 120controls the transmissionmod-
ule 113 to forma transmission signal to beapplied to each
of a transducers 115 in consideration of positions and
focal points of the plurality of transducers included in the
probe 20.
[0053] The processor 120 may control a reception
module 117 to generate ultrasonic data by converting
reception signals received from the probe 20 to analog to
digital and summing the digitally converted reception
signals in consideration of the positions and focal points
of the plurality of transducers.
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[0054] In the case in which the probe 20 is implemen-
ted as a two-dimensional probe, the processor 120 may
calculate a time delay value for digital beamforming for
each sub-array for each of the plurality of sub-arrays
included in the two-dimensional transducer array. The
processor 120 may also calculate a time delay value for
analogbeamforming for eachof the transducers included
in one of the plurality of sub-arrays. The processor 120
maycontrol theanalogbeamformer and thedigital beam-
former to forma transmission signal to be applied to each
of the plurality of transducers depending on the time
delay values for analog beamforming and the time delay
values for digital beamforming. The processor 120 may
also control the analog beamformer to sumup the signals
received from the plurality of transducers for each sub-
array depending on the time delay values for analog
beamforming. The processor 120 may also control the
ultrasonic transmission/reception module 110 to convert
the summed signal for each sub-array to analog to digital.
The processor 120 may also control the digital beamfor-
mer to generate ultrasonic data by summing the digitally
converted signals depending on the time delay values for
digital beamforming.
[0055] The image processor 130 generates an ultra-
sonic image using the generated ultrasonic data.
[0056] The display 140 may display the generated
ultrasonic image and a variety of information processed
by the ultrasonic imaging device 40 and/or the probe 20.
The probe 20 and/or the ultrasonic imaging device 40
may include the one or more displays 140 depending on
the implementation type. The display 140 may include a
touch panel or a touch screen.
[0057] The processor 120 may control the overall op-
erationof theultrasonic imagingdevice40andsignal flow
between internal components of the ultrasonic imaging
device 40. The processor 120 may perform or control
various operations or functions of the ultrasonic imaging
device 40 by executing programsor instructions stored in
a memory 150. The processor 120 may also control an
operationof theultrasonic imagingdevice40by receiving
a control signal from the input interface 170or anexternal
device.
[0058] The ultrasonic imaging device 40may include a
communicationmodule160, andmaybeconnected toan
external device (e.g., the probe 20, a server, medical
device, portable device (a smart phone, tablet PC, wear-
able device, etc.)) through the communication module
160.
[0059] The communication module 160 may include
one or more components that enable communication
with the external device, and may include, for example,
at least one of a short-range communication module, a
wired communication module, and a wireless commu-
nication module.
[0060] The communication module 160 may receive a
control signal and data from the external device, andmay
transmit the received control signal to the processor 120
to enable the processor 120 to control the ultrasonic

imaging device 40 depending on the received control
signal.
[0061] Alternatively, the processor 120 may transmit a
control signal to the external device through the commu-
nication module 160 to control the external device de-
pending on the control signal of the processor.
[0062] For example, the external device may process
data within the external device depending on the control
signal of the processor received through the communi-
cation module.
[0063] A program capable of controlling the ultrasonic
imagingdevice40maybe installed in theexternal device,
and this programmay include instructions for performing
some or all of the operations of the processor 120.
[0064] The program may be pre-installed on the ex-
ternal device, or a user of the external device may down-
load and install the program from a server providing an
application. The server providing the application may
include a recording medium in which the program is
stored.
[0065] The memory 150 may store various data or
programs for driving and controlling the ultrasonic ima-
ging device 40, inputted and outputted ultrasonic data,
ultrasonic images, etc.
[0066] The input interface 170 may receive user input
for controlling the ultrasonic imaging device 40. For ex-
ample, the user input may include, but is not limited to,
input of manipulating a button, a keypad, a mouse, a
trackball, a jog switch, a knob, and the like, input of
touching a touch pad or touch screen, voice input,motion
input, biometric information input (e.g., iris recognition,
fingerprint recognition, etc.), and the like.
[0067] FIG. 1B illustrates a control block diagramof the
ultrasonic imaging system 100 in the case in which the
probe 20 is a wireless probe or a hybrid probe.
[0068] According to various embodiments, the ultra-
sonic imaging device 40 illustrated in FIG. 1B may be
replacedwith the ultrasonic imaging device 40 described
with reference to FIG. 1A.
[0069] According to various embodiments, the probe
20 illustrated in FIG. 1A may be replaced with the probe
20 to be described with reference to FIG. 1B.
[0070] The probe 20 may include the transmission
module113, abattery 114, the transducer 115, a charging
module 116, the reception module 117, a processor 118,
and a communication module 119. Although FIG. 1B
illustrates that probe 20 includes both the transmission
module 113 and the receptionmodule 117, depending on
the implementation type, the probe 20 may include only
part of a configuration of the transmission module 113
and the reception module 117, and the part of the con-
figuration of the transmission module 113 and the recep-
tion module 117 may be included in the ultrasonic ima-
ging device 40. Alternatively, the probe 20 may further
include the image processor 130.
[0071] The transducer 115 may include a plurality of
transducers. Theplurality of transducersmay transmit an
ultrasonic signal to the object 10 in response to a trans-
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missionsignal applied from the transmissionmodule113.
The plurality of transducers may receive the ultrasonic
signal reflected from the object 10 to form a reception
signal.
[0072] The charging module 116 may charge the bat-
tery 114. The charging module 116 may receive power
from the outside. The charging module 116 may receive
power wirelessly. However, the disclosure is not limited
thereto, and the chargingmodule 116may receive power
by wire. The charging module 116 may transfer the
received power to the battery 114.
[0073] The processor 118 controls the transmission
module 113 to form a transmission signal to be applied
to each of the plurality of transducers in consideration of
the positions and focal points of the plurality of transdu-
cers.
[0074] The processor 118 controls the reception mod-
ule 117 to generate ultrasonic data by converting recep-
tion signals received from the transducer 115 to analog to
digital and summing the digitally converted reception
signals in consideration of the positions and focal points
of the plurality of transducers. Alternatively, in a case in
which theprobe20 includes the imageprocessor130, the
probe 20 may generate an ultrasonic image using the
generated ultrasonic data.
[0075] In the case in which the probe 20 is implemen-
ted as a two-dimensional probe, the processor 118 may
calculate a time delay value for digital beamforming for
each sub-array for each of the plurality of sub-arrays
included in the two-dimensional transducer array. The
processor 118 may also calculate a time delay value for
analogbeamforming for eachof the transducers included
in one of the plurality of sub-arrays. The processor 118
maycontrol theanalogbeamformer and thedigital beam-
former to forma transmission signal to be applied to each
of the plurality of transducers depending on the time
delay values for analog beamforming and the time delay
values for digital beamforming. The processor 118 may
also control the analog beamformer to sumup the signals
received from the plurality of transducers for each sub-
array depending on the time delay values for analog
beamforming. The processor 118 may also control the
ultrasonic transmission/reception module 110 to convert
the summed signal for each sub-array to analog to digital.
The processor 118 may also control the digital beamfor-
mer to generate ultrasonic data by summing the digitally
converted signals depending on the time delay values for
digital beamforming.
[0076] The processor 118 may control the overall op-
eration of the probe 20 and the signal flow between the
internal components of the probe 20. The processor 118
may perform or control the various operations or func-
tions of the probe 20 by executing programs or instruc-
tions stored in a memory 111. The processor 118 may
also control the operation of the probe20 by receiving the
control signal from the input interface 170 of the probe 20
or an external device (e.g., the ultrasonic imaging device
40).

[0077] The communicationmodule 119maywirelessly
transmit the generated ultrasonic data or ultrasonic
images to the ultrasonic imaging device 40 through a
wireless network. The communication module 119 may
also receive control signals and data from the ultrasonic
imaging device 40.
[0078] The ultrasonic imaging device 40 may receive
the ultrasonic data or ultrasonic images from the probe
20.
[0079] In oneembodiment, in a case inwhich theprobe
20 includes the image processor 130 capable of gener-
ating anultrasonic imageusing ultrasonic data, the probe
20 may transmit ultrasonic data and/or the ultrasonic
images generated by the image processor 130 to the
ultrasonic imaging device 40.
[0080] In oneembodiment, in a case inwhich theprobe
20 does not include the image processor 130 capable of
generating an ultrasonic image using ultrasonic data, the
probe 20 may transmit ultrasonic data to the ultrasonic
imaging device 40. The ultrasonic data may include
ultrasonic raw data, and the ultrasonic image may refer
to ultrasonic image data.
[0081] The ultrasonic imaging device 40 may include
the processor 120, the image processor 130, the display
140, the memory 150, the communication module 160,
and the input interface 170.
[0082] The image processor 130 generates an ultra-
sonic image using ultrasonic data received from the
probe 20.
[0083] The display 140 may display an ultrasonic im-
age received from the probe 20, an ultrasonic image
generated by processing ultrasonic data received from
the probe 20, and a variety of information processed by
the ultrasonic imaging system 100. The ultrasonic ima-
ging device 40may include the one or more displays 140
depending on the implementation type. The display 140
may include a touch panel or a touch screen.
[0084] The processor 120 may control the overall op-
eration of the ultrasonic imaging device 40 and the signal
flow between the internal components of the ultrasonic
imaging device 40. The processor 120 may perform or
control the various operations or functions of the ultra-
sonic imaging device 40 by executing the programs or
applications stored in a memory 150. The processor 120
may also control the operation of the ultrasonic imaging
device 40 by receiving the control signal from the input
interface 170 or an external device.
[0085] The ultrasonic imaging device 40 may include
the communication module 160, and may be connected
to an external device (e.g., the probe 20, a server, med-
ical device, portable device (a smart phone, tablet PC,
wearable device, etc.)) through the communicationmod-
ule 160.
[0086] The communication module 160 may include
one or more components that enable communication
with the external device, and may include, for example,
at least one of a short-range communication module, a
wired communication module, and a wireless commu-
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nication module.
[0087] The communication module 160 of the ultraso-
nic imaging device 40 and the communication module
119 of the probe 20may communicate using a network or
a short-range wireless communication method. For ex-
ample, the communication module 160 of the ultrasonic
imaging device 40 and the communicationmodule 119 of
theprobe20maycommunicateusing anyoneofwireless
LAN,Wi-Fi, Bluetooth, ZigBee,Wi-FiDirect (WFD), Infra-
red Data Association (IrDA), Bluetooth Low Energy
(BLE), Near Field Communication (NFC), Wireless
Broadband Internet (WiBro), World Interoperability for
Microwave Access (WiMAX), Shared Wireless Access
Protocol (SWAP), Wireless Gigabit Alliance (WiGig), RF
communication, a wireless data communication method
including 60GHzmillimeterwave (mmwave) short-range
communication, etc.
[0088] To this end, the communication module 160 of
the ultrasonic imaging device 40 and the communication
module 119 of the probe 20 may include at least one of a
wireless LAN communication module, a Wi-Fi commu-
nication module, a Bluetooth communication module, a
ZigBee communication module, a Wi-Fi Direct (WFD)
communication module, an Infrared Data Association
(IrDA) communication module, a Bluetooth Low Energy
(BLE) communicationmodule, aNear FieldCommunica-
tion (NFC) module, a Wireless Broadband Internet (Wi-
Bro) communication module, a World Interoperability for
Microwave Access (WiMAX) communication module, a
Shared Wireless Access Protocol (SWAP) communica-
tion module, a Wireless Gigabit Alliance (WiGig) com-
munication module, a RF communication module, and a
60GHzmillimeter wave (mmwave) short-range commu-
nication module.
[0089] In one embodiment, the probe 20 may transmit
device information (e.g., ID information) of the probe 20
using a first communication method (e.g., BLE), may be
wirelessly paired with the ultrasonic imaging device 40,
and may transmit ultrasonic data and/or ultrasonic
images to the paired ultrasonic imaging device 40.
[0090] The device information of the probe 20 may
include a variety of information related to a serial number,
model name, and battery state of the probe 20.
[0091] The ultrasonic imaging device 40 may receive
the device information (e.g., ID information) of the probe
20 from the probe 20 using the first communication
method (e.g., BLE), may be wirelessly paired with the
probe 20, may transmit an activation signal to the paired
probe 20, and may receive the ultrasonic data and/or
ultrasonic images from the probe 20. In this case, the
activation signal may include a signal for controlling the
operation of the probe 20.
[0092] In one embodiment, the probe 20 may transmit
the device information (e.g., ID information) of the probe
20using thefirst communicationmethod (e.g.,BLE),may
be wirelessly paired with the ultrasonic imaging device
40, andmay transmit theultrasonic dataand/or ultrasonic
images to the ultrasonic imaging device 40 paired by the

first communicationmethod using a second communica-
tion method (e.g., 60 GHz millimeter wave and Wi-Fi).
[0093] The ultrasonic imaging device 40 may receive
the device information (e.g., ID information) of the probe
20 from the probe 20 using the first communication
method (e.g., BLE), may be wirelessly paired with the
probe 20, may transmit the activation signal to the paired
probe 20, and may receive the ultrasonic data and/or
ultrasonic images from the probe 20 using the second
communication method (e.g., 60 GHz millimeter wave
and Wi-Fi).
[0094] According to various embodiments, the first
communication method used to pair the probe 20 and
the ultrasonic imaging device 40 with each other may
have a lower frequency band than the frequency band of
the second communicationmethod used by the probe 20
to transmit theultrasonic dataand/or ultrasonic images to
the ultrasonic imaging device 40.
[0095] Thedisplay140of theultrasonic imagingdevice
40 may display Uls indicating device information of the
probe 20. For example, the display 140 may display Uls,
which indicate identification information of the wireless
ultrasonic probe 20, a pairingmethod indicating a pairing
method with the probe 20, a data communication state
between the probe 20 and the ultrasonic imaging device
40, a method of performing data communication with the
ultrasonic imaging device 40, and the battery state of the
probe 20.
[0096] In a case in which the probe 20 includes the
display 140, the display 140 of the probe 20 may display
Uls indicating the device information of the probe 20. For
example, the display 140may display Uls, which indicate
the identification information of the wireless ultrasonic
probe 20, the pairing method indicating the pairingmeth-
od with the probe 20, the data communication state
between the probe 20 and the ultrasonic imaging device
40, the method of performing data communication with
the ultrasonic imaging device 40, and the battery state of
the probe 20.
[0097] The communication module 160 may receive a
control signal and data from an external device and
transmit the received control signal to the processor
120 so that the processor 120 controls the ultrasonic
imaging device 40 depending on the received control
signal.
[0098] Alternatively, the processor 120 may transmit a
control signal to the external device through the commu-
nication module 160 to control the external device de-
pending on the control signal of the processor 120.
[0099] For example, the external device may process
data of the external device depending on the control
signal of the processor 120 received through the com-
munication module 160.
[0100] A program capable of controlling the ultrasonic
imagingdevice40maybe installed in theexternal device,
and this programmay include instructions for performing
part or all of the operations of the processor 120.
[0101] The program may be pre-installed on the ex-
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ternal device, or the user of the external device may
download and install the program from the server provid-
ing the application. The server providing the application
may include the recordingmediumonwhich the program
is stored.
[0102] The memory 150 may store various data or
programs for driving and controlling the ultrasonic ima-
ging device 40, inputted and outputted ultrasonic data,
ultrasonic images, etc.
[0103] An example of the ultrasonic imaging system
100 according to an embodiment of the disclosure will be
described later through FIGS. 2A, 2B, 2C, and 2D.
[0104] FIGS. 2A, 2B, 2C, and 2D are views illustrating
ultrasonic imaging devices according to an embodiment.
[0105] Referring to FIGS. 2A and 2B, ultrasonic ima-
gingdevices40aand40bmay includeamain display 121
(140)andasubdisplay122 (140).At least oneof themain
display 121and the subdisplay 122maybe implemented
as a touch screen. At least one of the main display 121
and the sub display 122may display ultrasonic images or
a variety of information processed by the ultrasonic ima-
ging devices 40a and 40b. In addition, at least one of the
main display 121 and the sub display 122 may be im-
plemented as a touch screen and provide a GUI, so that
data for controlling the ultrasonic imaging devices 40a
and 40bmay be input from a user. For example, themain
display 121may display an ultrasonic image, and the sub
display 122may display a control panel for controlling the
display of the ultrasonic image in the form of a GUI. The
sub display 122 may receive data for controlling the
display of images through a control panel displayed in
a GUI form. For example, a time gain compensation
(TGC) button, a Freeze button, a trackball, a jog switch,
a knob, and the likemay be provided as aGUI on the sub
display 122.
[0106] The ultrasonic imaging devices 40a and 40b
may control the display of ultrasonic images displayed on
the main display 121 using input control data. The ultra-
sonic imaging devices 40a and 40b may also be con-
nected to the probe 20 by wire or wirelessly to transmit
and receive ultrasonic signals to and from the object.
[0107] Referring to FIG. 2B, the ultrasonic imaging
device 40b may further include a control panel 165 in
addition to the main display 121 and the sub display 122.
The control panel 165may include a button, a trackball, a
jog switch, a knob, and the like, and may receive data for
controlling the ultrasonic imaging device 40b from the
user. For example, the control panel 165 may include a
time gain compensation (TGC) button 171, a Freeze
button 172, and the like. The TGC button 171 is a button
for setting a TGC value for each depth of the ultrasonic
images. When detecting the input of the Freeze button
172 while scanning an ultrasonic image, the ultrasonic
imagingdevice40bmaymaintain thedisplay of the frame
image at that point in time.
[0108] A button, a trackball, a jog switch, a knob, and
the like included in the control panel 165maybeprovided
as a GUI on the main display 121 or the sub display 122.

The ultrasonic imaging devices 40a and 40b may be
connected to the probe 20 to transmit and receive ultra-
sonic signals to and from the object.
[0109] Referring to FIGS. 2C and 2D, the ultrasonic
imaging device 40c may also be implemented in a por-
table form. The portable ultrasonic imaging device 40c
may include, for example, a smart phone, laptop com-
puter, PDA, tablet PC, etc., which include a probe and an
application, but is not limited thereto.
[0110] The ultrasonic imaging device 40c may include
a main body 41. Referring to FIG. 2C, the probe 20 may
be connected to one side of the main body 41 by wire. To
this end, the main body 41 may include a connection
terminal throughwhich a cable connected to theprobe20
may be attached and detached, and the probe 20 may
include a connection terminal through which a cable
connected to the main body 41 may be attached and
detached.
[0111] Referring to FIG. 2D, the probe 20 may be
wirelessly connected to the ultrasonic imaging device
40. The main body 41 may include an input/output inter-
face (e.g., a touch screen) 145 (140 and 170). The
input/output interface145maydisplayultrasonic images,
a variety of information processed by the ultrasonic ima-
ging devices, a GUI, and the like.
[0112] An ultrasonic image may be displayed on the
input/output interface 145. The ultrasonic imaging device
40c may correct the ultrasonic image displayed on the
input/output interface 145 using Al. The ultrasonic ima-
ging device 40c may provide an alarm informing using
various audio-visual tools, such as graphics, sound, and
vibration, information about lesions among the ultrasonic
images displayed on the input/output interface 145 using
AI.
[0113] The ultrasonic imaging device 40cmay output a
control panel displayed in a GUI form through the inpu-
t/output interface 145.
[0114] Hereinafter, a structure of the probe, which ob-
tains three-dimensional images by rotating a transducer
array around a rotation shaft, will be described in detail.
[0115] FIG. 3 is a view illustrating rotation of a trans-
ducer array of an ultrasonic probe, FIGS. 4A and 4B are
views illustrating various types of a conventional signal
connector, and FIGS. 5A and 5B, which are views for
explaining a space occupied by a flexible printed circuit
boardasasignal connector, are views illustratingwinding
of the flexible printed circuit board according to an em-
bodiment.
[0116] Referring to FIG. 3, the transducer array 115
maybeconnected toa rotationshaft dand rotatedaround
the rotation shaft d by a motor 210.
[0117] The ultrasonic signal emitted in two dimensions
by the transducer array 115 may obtain a three-dimen-
sional ultrasonic image as the transducer array 115 ro-
tates.
[0118] In this type of the ultrasonic probe 20, loads are
applied to the signal connector as the transducer array
115 rotates, and various types of signal connectors may
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be used to withstand the loads.
[0119] As illustrated in FIG. 4A, a coaxial cablemay be
usedasasignal connector, andas illustrated inFIG.4B, a
flexible printed circuit board (FPCB) 230 may also be
used. In addition, the signal connector may be used in
various ways.
[0120] In the case of using the coaxial cable as a signal
connector, the coaxial cable easily distributes the loads
so that durability may increase, but manufacturing costs
increase so that manufacturing may not be easy. In
addition, a space occupied by the coaxial cable may
increase due to the increase in signal channels.
[0121] In the case of using the FPCB as a signal con-
nector, the manufacturing cost is reduced so that the
manufacturing may be easy and a space occupied by
the FPCB may be small compared to the coaxial cable,
but the durability may be reduced because it is difficult to
distribute the loads.
[0122] Even though the FPCB occupies less space
compared to the coaxial cable, as the number of signal
channels continues to increase, the signal channels oc-
cupy a lot of space in the ultrasonic probe 20, which may
increase the volume of the product.
[0123] In the disclosure, a structure of the FPCB is
disclosed to solveproblems in spaceutilization that occur
when the FPCB is used as a signal connector.
[0124] As the flexible printed circuit board 230 having
the same shape as in FIG. 5A is wound in the form of a
clockwork as illustrated in FIG. 5B, the loads resulting
from the rotation of the transducer array 115 may be
better distributed, thereby improving durability.
[0125] That is, as the flexible printed circuit board 230
wound in the formof a clockwork is repeatedlywoundand
unwound when the transducer array 115 rotates, the
loads applied to the flexible printed circuit board 230
may be distributed.
[0126] Hereinafter, a structure of the flexible printed
circuit board 230 will be described in detail.
[0127] FIGS. 6A to 6C are views for explaining a new
structure of the flexible printed circuit board according to
an embodiment, and FIG. 7 is a view illustrating the
ultrasonic probe into which the flexible printed circuit
board is inserted.
[0128] As illustrated in FIG. 7, the ultrasonic probe 20
may include the transducer array 115 connected to the
rotation shaft d, and the motor 210 provided to rotate the
transducer around the rotation shaft d.
[0129] The ultrasonic probe 20 may also include a
printed circuit board 220 provided to output a driving
signal for driving the transducer array 115 and the flexible
printed circuit board230asasignal connector electrically
connected to the printed circuit board 220 to transmit the
driving signal to the transducer array 115.
[0130] The detailed structure of the flexible printed
circuit board 230 will be described below with reference
to FIG. 6.
[0131] The flexible printed circuit board 230 may in-
clude an array terminal 231 electrically connected to the

transducer array 115, a first terminal 232 electrically
connected to one portion of the printed circuit board, a
first connection part 233 connecting the array terminal
231 and the first terminal 232, a second terminal 234
electrically connected to the other portion of the printed
circuit board, and a second connection part 235 connect-
ing the array terminal 231 and the second terminal 234.
[0132] The array terminal 231 may transmit or receive
signals to or from the transducer by being electrically
connected to the transducer array 115.
[0133] The array terminal 231 may be separated into t
two or more strands and each connected to the printed
circuit board. The disclosure exemplifies two strands, but
is not limited thereto, and the array terminal may be
separated into two or more strands.
[0134] The first terminal 232 may be electrically con-
nected to one portion of the printed circuit board, and the
second terminal 234may be electrically connected to the
other portion of the printed circuit board.
[0135] The first connection part 233 may connect the
first terminal 232 and the array terminal 231, and the
second connection part 235 may connect the second
terminal 234 and the array terminal 231.
[0136] A first strand including the first connection part
233 and the first terminal 232may be folded at least twice
to be overlapped with a second strand including the
secondconnectionpart 235and thesecond terminal 234.
[0137] Specifically, in the form illustrated inFIG.6A, the
first strand may be folded once as illustrated in FIG. 6B,
and folded once more as illustrated in FIG. 6C to be
overlapped with the second strand.
[0138] In this case, the first terminal 232 and the sec-
ond terminal 234 are not overlappedwith each other, and
the first connection part 233 and the second connection
part 235 may be overlapped with each other.
[0139] That is, the first connection part 233 may be
overlappedwith the second connection part 235 by being
folded twice.
[0140] Although the disclosure has been described as
anexample inwhich thefirst connectionpart 233 is folded
twice as illustrated in FIG. 6, the disclosure is not limited
thereto, and the first connection part 233 may be over-
lapped with the second connection part 235 by being
folded twice or more.
[0141] In this case, the first connectionpart 233and the
second connection part 235 may be completely over-
lapped with each other depending on a structural design.
[0142] Because positions of the first terminal 232 and
the second terminal 234 do not match as the first con-
nectionpart 233 is foldedandoverlappedwith thesecond
connection part 235 so that the first terminal 232 and the
second terminal 234may not be electrically connected to
the printed circuit board, by forming the first connection
part 233, which is a connection part to be folded, longer,
when the first connection part 233 is folded and over-
lapped with the second connection part 235, the first
terminal 232 and the second terminal 234 may be posi-
tioned on the same line.
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[0143] In this case, the overlapped portion may be
wound around the rotation shaft d, as illustrated in FIG.
5B.
[0144] Specifically, a portionwhere the first connection
part 233 and the second connection part 235 are over-
lappedwith eachothermaybewoundaround the rotation
shaft d.
[0145] As the first connection part 233 and the second
connection part 235 is overlapped with each other, the
space occupied by the flexible printed circuit board 230 in
the ultrasonic probe 20 may be reduced, thereby pre-
venting a size of the ultrasonic probe 20 from increasing.
[0146] FIG. 8 is a view of the ultrasonic probe accord-
ing to an embodiment viewed from a side, and FIG. 9 is a
view of the ultrasonic probe according to an embodiment
viewed from the front.
[0147] As described above, the ultrasonic array may is
rotated around the rotation shaft d by the motor 210, and
the flexible printed circuit board 230 may be wound
around the rotation shaft d in the form of a clockwork.
[0148] In this case, a rotation radius R1 at which the
ultrasonic array rotatesmay be larger than a radius R2 at
which the flexible printed circuit board 230 is wound
around the rotation shaft d.
[0149] As described above, the first connection part
233 and the second connection part 235 may be over-
lapped with each other, and a length of the transducer
array 115 in an axial (lateral) directionmaybe longer than
a width of the overlapped first connection part 233 and
second connection part 235.
[0150] Accordingly, the space utilization of the ultra-
sonic probe 20 may be increased.
[0151] FIGS. 10A and 10B are views for explaining a
structure of a flexible printed circuit board according to
another embodiment.
[0152] Although the disclosure has been described as
anexample inwhich thefirst connectionpart 233 is folded
twice or more and overlapped with the second connec-
tion part 235 as illustrated in FIG. 6, the first connection
part 233maybe foldedonly onceandoverlappedwith the
second connection part 235.
[0153] That is, in the flexible printed circuit board 230
having the structure illustrated in FIG. 10A, the first con-
nection part 233maybe folded onceand overlappedwith
the second connection part 235 in the form illustrated in
FIG. 10B.
[0154] As is apparent from the above, according to the
disclosure, an ultrasonic probe and a flexible printed
circuit board (FPCB) can reduce a space occupied by
a signal connector by folding and overlapping the flexible
printed circuit board as the signal connector.
[0155] In addition, the ultrasonic probe and the flexible
printed circuit board can better withstand a load caused
by rotation of a transducer array by overlapping the
flexible printed circuit board and winding the overlapped
flexible printed circuit board around a rotation shaft.
[0156] The embodiments disclosed with reference to
the accompanying drawings have been described

above. It will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of the
disclosure as defined by the appended claims. The dis-
closed embodiments are illustrative and should not be
construed as limiting.

Claims

1. An ultrasonic probe comprising:

a transducer array connected to a rotation shaft;
a motor provided to rotate the transducer array
around the rotation shaft;
a printed circuit board provided to output a driv-
ing signal for driving the transducer array; and
a flexible printed circuit board electrically con-
nected to the printed circuit board to transmit the
driving signal to the transducer array,
wherein the flexible printed circuit board com-
prises:

an array terminal electrically connected to
the transducer array;
a first terminal electrically connected to one
portion of the printed circuit board;
a first connection part connecting the array
terminal and the first terminal;
a second terminal electrically connected to
the other portion of the printed circuit board;
and
a second connection part connecting the
array terminal and the second terminal, and
wherein the first connection part and the
second connection part are overlappedwith
each other and wound around the rotation
shaft.

2. The ultrasonic probe according to claim 1, wherein
the first connection part is folded twice or more and
overlapped with the second connection part.

3. The ultrasonic probe according to claim 2, wherein
the first connection part is formed to be longer than
the second connection part.

4. The ultrasonic probe according to claim 1, wherein
the first connection part and the second connection
part are completely overlapped with each other.

5. The ultrasonic probe according to claim 4, wherein
a portion where the first connection part and the
second connection part are overlapped with each
other is wound around the rotation shaft.

6. The ultrasonic probe according to claim 1, wherein
a radius at which the flexible printed circuit board is
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wound around the rotation shaft is smaller than a
rotation radius of the transducer array.

7. The ultrasonic probe according to claim 1, wherein
a lengthof the transducerarray ina lateral direction is
longer thanawidth of the overlapped first connection
part and second connection part.

8. A flexible printed circuit board, which is configured to
transmit a driving signal from a printed circuit board
to a transducer array connected to a rotation shaft,
comprising:

an array terminal electrically connected to the
transducer array;
a first terminal electrically connected to one
portion of the printed circuit board;
a first connectionpart connecting thearray term-
inal and the first terminal;
a second terminal electrically connected to the
other portion of the printed circuit board; and
a second connection part connecting the array
terminal and the second terminal,
wherein the first connection part and the second
connection part are overlapped with each other
and wound around the rotation shaft.

9. The ultrasonic probe according to claim 8, wherein
the first connection part is folded twice or more and
overlapped with the second connection part.

10. The ultrasonic probe according to claim 9, wherein
the first connection part is formed to be longer than
the second connection part.

11. The ultrasonic probe according to claim 8, wherein
the first connection part and the second connection
part are completely overlapped with each other.

12. The ultrasonic probe according to claim 11, wherein
a portion where the first connection part and the
second connection part are overlapped with each
other is wound around the rotation shaft.

13. The ultrasonic probe according to claim 8, wherein
a radius at which the flexible printed circuit board is
wound around the rotation shaft is smaller than a
rotation radius of the transducer array.

14. The ultrasonic probe according to claim 8, wherein
a lengthof the transducerarray ina lateral direction is
longer thanawidth of the overlapped first connection
part and second connection part.

Amended claims in accordance with Rule 137(2)
EPC.

1. An ultrasonic probe (20) comprising:

a transducer array (115) connected to a rotation
shaft (d);
a motor (210) provided to rotate the transducer
array (115) around the rotation shaft (d);
a printed circuit board (220) provided to output a
driving signal for driving the transducer array
(115); and
a flexible printed circuit board (230) electrically
connected to the printed circuit board (220) to
transmit the driving signal to the transducer
array (115),
wherein the flexible printed circuit board (230)
comprises:

an array terminal (231) electrically con-
nected to the transducer array (115);
a first terminal (232) electrically connected
to one portion of the printed circuit board
(220);
a first connection part (233) connecting the
array terminal (231) and the first terminal
(232);
a second terminal (234) electrically con-
nected to the other portion of the printed
circuit board (220); and
a second connection part (235) connecting
the array terminal (231) and the second
terminal (234), and
wherein the first connection part (233) and
the second connection part (235) are over-
lapped with each other and a portion where
the first connection part (233) and the sec-
ond connection part (235) are overlapped
witheachother iswoundaround the rotation
shaft (d).

2. The ultrasonic probe (20) according to claim 1,
wherein
the first connection part (233) is folded twice ormore
and overlapped with the second connection part
(235).

3. The ultrasonic probe (20) according to claim 2,
wherein
the first connection part (233) is formed to be longer
than the second connection part (235).

4. The ultrasonic probe (20) according to claim 1,
wherein
the first connection part (233) and the second con-
nection part (235) are completely overlapped with
each other.

5. The ultrasonic probe (20) according to claim 1,
wherein
a radius at which the flexible printed circuit board
(230) iswoundaround the rotation shaft (d) is smaller
than a rotation radius of the transducer array (115).
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6. The ultrasonic probe (20) according to claim 1,
wherein
a length of the transducer array (115) in a lateral
direction is longer than awidth of the overlapped first
connection part (233) and second connection part
(235).

7. A flexible printed circuit board (230), which is con-
figured to transmit a driving signal from a printed
circuit board (220) to a transducer array (115) con-
nected to a rotation shaft (d), comprising:

an array terminal (231) electrically connected to
the transducer array (115);
a first terminal (232) electrically connected to
one portion of the printed circuit board (220);
a first connectionpart (233) connecting thearray
terminal (231) and the first terminal (232);
asecond terminal (234)electrically connected to
the other portion of the printed circuit board
(220); and
a second connection part (235) connecting the
array terminal (231) and the second terminal
(234),
wherein the first connection part (233) and the
second connection part (235) are overlapped
with each other and a portion where the first
connection part (233) and the second connec-
tion part (235) are overlapped with each other is
wound around the rotation shaft (d).

8. The ultrasonic probe (20) according to claim 7,
wherein
the first connection part (233) is folded twice ormore
and overlapped with the second connection part
(235).

9. The ultrasonic probe (20) according to claim 8,
wherein
the first connection part (233) is formed to be longer
than the second connection part (235).

10. The ultrasonic probe (20) according to claim 7,
wherein
the first connection part (233) and the second con-
nection part (235) are completely overlapped with
each other.

11. The ultrasonic probe (20) according to claim 7,
wherein
a radius at which the flexible printed circuit board
(230) iswoundaround the rotation shaft (d) is smaller
than a rotation radius of the transducer array (115).

12. The ultrasonic probe (20) according to claim 7,
wherein
a length of the transducer array (115) in a lateral
direction is longer than awidth of the overlapped first

connection part (233) and second connection part
(235).
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